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(57) ABSTRACT 

An apparatus and method for hernodia?ltration are dis 
closed. The apparatus includes a ?rst dialyZer cartridge 
containing a semi-permeable membrane that divides the 
dialyZer into a blood compartment and a dialysate compart 
ment. Fluid discharged from the blood compartment of the 
?rst dialyZer cartridge is mixed With sterile substitution ?uid 
to form a ?uid mixture and the mixture enters a second 
dialyZer cartridge. The second dialyZer cartridge contains a 
second semi-permeable membrane Which divides the second 
dialyZer cartridge into a blood compartment and a dialysate 
compartment. Hemodia?ltration occurs in both cartridges. 
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METHOD AND APPARATUS FOR 
EFFICIENT HEMODIAFILTRATION 

This application claims bene?t of Provisional Applica 
tion Ser. No. 60/094,898 ?led Jul. 31, 1998. 

FIELD OF THE INVENTION 

The present invention relates to a blood cleansing modal 
ity knoWn as hemodia?ltration. 

BACKGROUND OF THE INVENTION 

Hemodia?ltration combines standard dialysis and hemo 
?ltration into one process, Whereby a dialyZer cartridge 
containing a high ?ux membrane is used to remove sub 
stances from the blood both by diffusion and by convection. 
The removal of substances by diffusion is accomplished by 
establishing a concentration gradient across a semiperme 
able membrane by ?oWing a dialysate solution on one side 
of the membrane While simultaneously ?oWing blood on the 
opposite side of the membrane. To enhance removal of 
substances using hemodia?ltration, a substitution ?uid is 
continuously added to the blood either prior to the dialyZer 
cartridge (pre-dilution) or after the dialyZer cartridge (post 
dilution). An amount equal to that of the substitution ?uid is 
then ultra?ltered across the dialyZer cartridge membrane 
carrying With it additional solutes. 

Substitution ?uid is usually purchased as a sterile/non 
pyrogenic ?uid contained in large ?exible bags or is pro 
duced by on-line by ?ltration of a non-sterile dialysate 
through a suitable ?lter cartridge rendering it sterile and 
non-pyrogenic. Such on-line production of substitution ?uid 
is described, inter alia, in D. Limido et al., “Clinical Evalu 
ation of AK-100 ULTRA for Predilution HF with On-Line 
Prepared Bicarbonate Substitution Fluid. Comparison with 
HD and Acetate Postdilution HF ”, International Journal of 
Arti?cial Organs, Vol. 20, No.3 (1997), pp. 153—157. 

In general, hemodia?ltration schemes use a single dia 
lyZer cartridge containing a high ?ux semi-permeable mem 
brane. Such a scheme is described, for example, in P. 
AhrenholZ et al., “On-Line Hernodia?ltration with Pre- and 
Postdilution: A comparison of E?iciency”, International 
Journal ofArti?cial Organs, Vol. 20, No.2 (1997), pp 81—90 
(“AhrenholZ et al.”). Substitution ?uid is introduced into the 
blood stream either in a pre-dilution mode or in a post 
dilution mode relative to the dialyZer cartridge. The pre 
ferred mode for maximal removal of both small and large 
substances from blood is the post-dilution mode, Which 
achieves the highest concentration gradient betWeen the 
blood and the dialysate ?uid. In a typical pre-dilution mode 
With on-line generation of the substitution ?uid, hoWever, 
the bloodside concentration is loWered relative to the dialy 
sate ?uid. As a result, removal (or clearance) of substances 
can decrease, as described in AhrenholZ et al. This is 
particularly true for smaller molecules like urea, Whereby 
mass transport is driven more by the diffusion process than 
by the convection process. 
A hemodia?ltration scheme using ?rst and second dia 

lyZer cartridges is described in J. H. Miller et al., “Technical 
Aspects of High-Flux Hemodia?ltration for Adequate Short 
(Under 2 Hours) Treatment”, Transactions of American 
Society of Arti?cial Internal Organs (1984), pp. 377—380. In 
this scheme, the substitution ?uid is reverse-?ltered through 
a membrane of the second dialyZer cartridge With simulta 
neous ?ltration of ?uid across a membrane in the ?rst 
dialyZer cartridge. Counter-current ?oW of dialysate occurs 
at both cartridges. 
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Certain trade-offs exist With respect to removal of differ 

ent siZe molecules When comparing pre-dilution dia?ltration 
and post-dilution dia?ltration using a single dialyZer car 
tridge. For example, With on-line pre-dilution dia?ltration, 
one can achieve higher convective ?ltration rates (compared 
to on-line post-dilution dia?ltration) to enhance removal of 
large molecules, hoWever, this comes at the expense of 
reducing the removal of small molecules like urea and 
creatinine. In on-line post-dilution dia?ltration, hoWever, 
only a limited amount of ?uid can be ?ltered from the blood 
as it passes through the dialyZer cartridge. The ?lterable 
amount is dependent upon several factors, including blood 
?oW rate, blood hematocrit and blood protein concentration. 
Typically, the ?lterable amount is 20% to 30% of the 
incoming blood ?oW, depending on blood ?oW rate. For 
example, at a blood ?oW rate of 300 ml/min, the ?lterable 
amount is limited to about 90 ml/min. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
hemodia?ltration method and a device Which overcome the 
limitations associated With convection ?ltration in existing 
on-line post-dilution schemes. It is also an object of the 
present invention to reduce the loss of small molecule 
clearance associated With on-line pre-dilution dia?ltration 
using a single dialyZer cartridge. 

The present invention provides an improved method of 
performing hemodia?ltration. The present invention also 
provides a device adapted to be used in conjunction With a 
standard UF controlled dialysis machine, to perform 
improved hemodia?ltration. 

Ahemodia?ltration device in accordance With an embodi 
ment of the present invention, adapted for use in conjunction 
With a dialysis machine, includes a plurality of dialyZers 
(e.g., dialyZer cartridges or dialyZer cartridge sections) for 
dia?ltration, at least one sterility ?lter arrangement (e.g., a 
sterility ?lter cartridge) for generating a sterile substitution 
?uid, and a control unit Which controls ?uid inputs and 
outputs betWeen the dialyZers, the at least one sterility ?lter 
cartridge and the dialysis machine. 
The dialyZers may contain a semi-permeable membrane 

Which may be embedded Within a jacket or housing of a 
dialyZer cartridge. The membranes separate each dialyZer 
into a blood compartment and a dialysate compartment. In 
an embodiment of the present invention, at least ?rst and 
second dialyZers are used to carry out the dia?ltration 
process. The at least one sterility ?lter may also contain 
semi-permeable membranes. The sterility ?lter may be used 
to remove bacteria, endotoxins, and other particulate from 
the dialysate, thereby to generate a suitable substitution ?uid 
stream on-line. The control unit may contain various pumps, 
pressure monitoring devices, valves, electronic components, 
connector ?ttings, tubing, etc., as required in order to 
coordinate the operation of the other system components. 

Blood enters the bloodside compartment of the ?rst 
dialyZer, Whereby some plasma Water is ?ltered across the 
semi-permeable membrane into the adjacent dialysate com 
partment. As the blood leaves the ?rst dialyZer, substitution 
?uid is added to the blood at a rate higher than the rate at 
Which blood is ?ltered out of the ?rst dialyZer. The diluted 
blood then enters the bloodside compartment of the second 
dialyZer, Whereby additional plasma Water (equal to the 
excess amount of substitution ?uid) is ?ltered across the 
semi-permeable membrane and into the adjacent dialysate 
compartment. In this manner, the substitution ?uid acts as a 
post-dilution ?uid relative to the ?rst dialyZer as Well as a 
pre-dilution ?uid relative to the second dialyZer. 
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An advantage of this process is that a gain in clearance of 
small molecular Weight substances in the ?rst dialyZer 
overshadoWs a loss in clearance of small molecular Weight 
substances due to the dilution of blood concentration enter 
ing the second dialyZer. Further, clearance of larger molecu 
lar Weight substances is enhanced considerably, because the 
total ?ltration level of plasma Water is practically doubled 
(eg 40% to 60% of the incoming blood ?oW rate may be 
?ltered) compared to ?ltration using a single dialyZer oper 
ating in a post-dilution mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be understood and appreciated 
more fully from the folloWing detailed description of pre 
ferred embodiments of the invention, taken in conjunction 
With the folloWing draWings in Which: 

FIG. 1. is a schematic illustration of a dialysis system 
hemodia?ltration device in accordance With the present 
invention, used in conjunction With a UF controlled dialysis 
machine, Wherein monitoring of dialyZer transmembrane 
pressure (TMP) is performed by the dialysis machine; and 

FIG. 2 is a schematic illustration of a second embodiment 
of a hemodia?ltration device in accordance With the present 
invention, used in conjunction With a standard UF controlled 
dialysis machine, Wherein dialyZer TMP is monitored by the 
hemodia?ltration device. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The hemodia?ltration method and device of present 
invention Will be described beloW in the context of an 
add-on type system used in conjunction With an existing UF 
controlled dialysis machine. It should be appreciated, 
hoWever, that the hemodia?ltration method and device of the 
present invention can also be embodied in a stand-alone 
dialysis/hemodia?ltration machine. 

In an embodiment of the present invention, as described 
beloW With reference to the draWings, the hemodia?ltration 
device includes ?rst and second dialyZer cartridges. 
Alternatively, a single cartridge having at ?rst and second, 
separate, dialyZer sections may be used. The device also 
includes at least one sterility ?lter, Which may contain 
semi-permeable membranes. The sterility is operative to 
remove bacteria, endotoxins, and other particulate from the 
dialysate, thereby to generate a suitable substitution ?uid 
stream on-line. The hemodia?ltration device also includes a 
?uid module to coordinate betWeen different elements of the 
system. The ?uid module contains various pumps, pressure 
monitoring devices, valves, electronic components, connec 
tor ?ttings, tubing, etc., as required in order to coordinate the 
operation of the other system components. 

During operation of the system, blood enters the blood 
side compartment of the ?rst dialyZer cartridge, Whereby a 
portion of plasma Water is ?ltered across the semi-permeable 
membrane into the adjacent dialysate compartment. As the 
blood leaves the ?rst dialyZer cartridge, substitution ?uid is 
added to the blood at a rate higher than the rate at Which 
blood is ?ltered out of the ?rst dialyZer cartridge. The diluted 
blood then enters the bloodside compartment of the second 
dialyZer cartridge, Whereby additional plasma Water (equal 
to the excess amount of substitution ?uid) is ?ltered across 
the semi-permeable membrane and into the adjacent dialy 
sate compartment. In this manner, the substitution ?uid acts 
as a post-dilution ?uid relative to the ?rst dialyZer cartridge 
as Well as a pre-dilution ?uid relative to the second dialyZer 
cartridge. 
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4 
It Will be appreciated by persons skilled in the art that the 

process of the present invention provides a considerable gain 
in clearance of small molecular Weight substances in the ?rst 
dialyZer cartridge, Which gain overshadoWs a loss in clear 
ance of small molecular Weight substances due to dilution of 
blood concentration as the blood enters the second dialyZer 
cartridge. Further, clearance of larger molecular Weight 
substances is enhanced considerably, because the total ?l 
tration level of plasma Water is increased considerably (e.g. 
40to 60% of the incoming blood ?oW rate may be ?ltered) 
compared to ?ltration using a single dialyZer cartridge 
operating in a post-dilution mode. 
The dialysate ?uid may be generated by the dialysis 

machine. In an embodiment of the present invention, the 
dialysate ?uid enters the second dialyZer cartridge and runs 
counter-parallel to the blood ?oW direction. The dialysate 
?uid acts to provide a concentration gradient against the 
bloodside ?uid thereby facilitating the diffusion of solutes 
across the semi-permeable membrane. As the dialysate 
traverses through the dialysate compartment, the dialysate 
?oW rate increases due to plasma Water ?ltering across into 
the dialysate compartment as mentioned above. 
Upon exiting the second dialyZer cartridge, the dialysate 

?uid may be pumped into the ?rst dialyZer cartridge, again 
running counter-parallel to the bloodside ?uid. The dialysate 
?oW rate increases as it traverses through the dialysate 
compartment again, due to ?ltration of plasma Water across 
the semi-permeable membrane. Upon exiting the dialyZer 
cartridges, the used dialysate is transported back to the 
dialysis machine. 
The dialysate pump placed betWeen the tWo dialyZer 

cartridges serves to regulate the amount of plasma Water that 
is ?ltered across the membranes of the respective cartridges. 
For example, increasing the speed of the pump increases the 
?ltration rate in the second dialyZer cartridge While reducing 
the ?ltration rate in the ?rst dialyZer cartridge, Whereas 
sloWing the speed of the pump reduces the ?ltration rate in 
the second dialyZer cartridge While increasing the ?ltration 
rate in the ?rst dialyZer cartridge. 
A sterile/non-pyrogenic substitution ?uid for use in con 

junction With the present invention may be prepared by 
draWing a portion of fresh dialysate solution from the 
dialysate inlet line and pumping it through a sterile ?lter 
cartridge. In an embodiment of the present invention, the 
sterile ?lter cartridge performs at least a double ?ltration of 
the dialysate solution before the solution is introduced into 
the blood stream as a substitution ?uid. This double ?ltration 
can be performed by tWo separate ultra?ltration ?lter car 
tridges or a single cartridge that has multiple sections to 
perform multiple ?ltration of the substitution ?uid. The use 
of multiple ?ltration to generate the on-line substitution ?uid 
makes the system of the present invention safer, should one 
of the ?lters fail during treatment. 
The dialysis machine used in conjunction With the present 

invention may perform all of its normal functions, such as 
preparing dialysate, metering dialysate ?oW rate, monitoring 
pressures, controlling net ultra?ltration, monitoring used 
dialysate for blood presence, etc. The dia?ltration add-on 
system operates in conjunction With the dialysis machine, 
Whereby the dialysate ?uid from the dialysis machine is 
re-distributed by the hemodia?ltration add-on system to its 
respective dialyZer and sterile ?lter cartridges. The ?uid 
handling components of the dia?ltration add-on system may 
be integrated With a microprocessor unit for controlling and 
executing the dia?ltration aspect of the treatment. 

In one embodiment of the add-on system of the present 
invention, as described beloW With reference to FIG. 1, the 
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dialysis machine monitors the transmembrane pressure 
(TMP) in one of the dialyZer cartridges. The choice of Which 
dialyZer cartridge is monitored may depend on the type of 
dialysis machine. For example, some existing machines 
determine TMP based on dialysate inlet pressure, While 
other existing machines use dialysate outlet pressure as the 
parameter for TMP calculation. Therefore, in this embodi 
ment of the present invention, the hemodia?ltration add-on 
system may contain hardWare and/or softWare to ensure that 
the TMP that is monitored by the dialysis machine is of the 
cartridge having the Worst (i.e., highest) TMP. 

In another embodiment of the add-on system of the 
present invention, as described beloW With reference to FIG. 
2, the dialysate pressure of each dialyZer cartridge may be 
separately controlled using dialysate pumps on both the inlet 
and outlet lines of the dialysate. In this arrangement, the 
dialysate pressures monitored by the dialysis machine may 
be maintained constant by adjusting the speeds of the inlet 
and outlet dialysate pumps. Further, in this arrangement, the 
TMP may be continuously monitored and displayed on one 
or more of the dialyZer cartridges. Additionally, in some 
embodiments of the present invention, TMP thresholds may 
be set to activate different modes, for example, the hemo 
dia?ltration add-on system may be designed to return to a 
normal dialysis session or to reduce the level of dia?ltration 
once a predetermined TMP threshold is exceeded. 

Reference is noW made to made to FIGS. 1 and 2 Which 
schematically illustrate tWo alternative embodiments of a 
system using a hemodia?ltration device in accordance With 
an embodiment of the present invention. In both the systems 
of FIGS. 1 and 2, blood to be cleaned 27 enters a ?rst 
dialyZer cartridge 23 after passing through blood monitoring 
devices 137 and 26. Blood monitoring devices 137 and 26 
monitor the incoming blood pressure and/or the incoming 
blood ?oW rate and provide an input, responsive to the 
monitored rate, to a control unit 40. The blood is carried by 
suitable tubing, as is knoWn in the art, for example, blood 
line tubing made from ?exible polyvinylchloride (PVC). 
The ?oW rate of incoming blood is generally in the range of 
100 to 600 ml/min, preferably 200 to 500 ml/min. 

First dialyZer cartridge 23 contains a semi-permeable 
membrane 24 that divides the dialyZer into a blood com 
partment 45 and a dialysate compartment 46. As blood 27 
passes through blood compartment 45, plasma Water con 
taining blood substances is ?ltered across semi-permeable 
membrane 24. Additional blood substances are also trans 
ferred across semi-permeable membrane 24 by diffusion due 
to a difference in concentration betWeen blood compartment 
45 and dialysate compartment 46. 

The dialyZer cartridge may be of any type suitable for 
hemodialysis, hemodia?ltration, hemo?ltration, or 
hemoconcentration, for example, the Fresenius F60, avail 
able from Fresenius Medical Care, Lexington, Mass. the 
Baxter CT 110, available from Baxter Health Care, 
Deer?eld, Ill. the Minntech Hemocor HPH 1000, available 
from Minntech Corporation, Minneapolis, Minn. or the 
Hospal Filtral 16, available from Hospal AG, Switzerland. 
Membrane 24 is preferably a medium to high ?ux 
membrane, for example, the polysulfone, cellulose triacetate 
or acrylonitrile membranes available from Fresenius Medi 
cal Care, Lexington, Mass. Minntech Corporation, 
Minneapolis, Minn. Baxter Health Care, Deer?eld, Ill. or 
Hospal AG, Switzerland. 

Partially dialyZed blood (denoted 18) exiting dialyZer 
cartridge 23 is mixed With sterile substitution ?uid 16 to 
form a blood/substitution ?uid mixture 17. This mixture 
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6 
enters a second dialyZer cartridge 22 containing a semi 
permeable membrane 25 Which divides the dialyZer car 
tridge 22 into a blood compartment 47 and a dialysate 
compartment 48. As mixture 17 passes through blood com 
partment 47, plasma Water containing blood substances is 
?ltered across the semi-permeable membrane. As in the ?rst 
dialyZer cartridge, additional blood substances are trans 
ferred across semi-permeable permeable membrane 25 by 
diffusion due to concentration gradients betWeen the blood 
and dialysate compartments. Cleansed blood 28 exits second 
dialyZer cartridge 22 and is recycled to the patient (not 
shoWn) through suitable tubing, for example, bloodline PVC 
tubing, as is knoWn in the art. The pressure of cleansed blood 
28 may also be monitored by a pressure sensor 136. 

The second dialyZer cartridge may be of any type suitable 
for hemodialysis, hemodia?ltration, hemo?ltration, or 
hemoconcentration, for example, the Fresenius F60, avail 
able from Fresenius Medical Care, Lexington, Mass. the 
Baxter CT 110, available from Baxter Health Care, 
Deer?eld, Ill. the Minntech Hemocor HPH 400, available 
from Minntech Corporation, Minneapolis, Minn. or the 
Hospal Filtral 16, available from Hospal AG, Switzerland. 
Membrane 25 is preferably a medium or high ?ux 
membrane, for example, the polysulfone, cellulose triacetate 
or acrylonitrile membranes mentioned above With reference 
to membrane 24. 

As mentioned above, the dialysate solution used for the 
present invention may be prepared by a standard UF con 
trolled dialysis machine 43. Fresh dialysate solution ?oWs 
from dialysis machine 43 through a conduit 41 to a dialysate 
line connector 39. In a ?rst embodiment of the hemodia?l 
tration device, shoWn in FIG. 1, the dialysate line connector 
39 is attached to a dialysate inlet port 1 on dialyZer cartridge 
22. 

In a second embodiment of the hemodia?ltration device, 
shoWn in Fig.2, the dialysate line connector 39 is attached to 
a connector 150 Which operates to activate a sWitch S1 upon 
connection of line connector 39. With the sWitch SI 
activated, a valve 151 is opened to alloW ?oW, via a suitable 
conduit, to a dialysate pump 153. The pressure en route to 
pump 153 may be monitored by a pressure transducer 152 
upstream of pump 153. Abypass loop containing a valve 154 
enables ?uid to bypass pump 153 When valve 151 is opened. 
Fluid from dialysate pump 153 ?oWs through a conduit 155 
Which is connected to dialysate inlet port 1 on dialyZer 
cartridge 22. 

In an embodiment of the present invention, preparation of 
a sterile substitution ?uid is performed by ?ltration of a 
dialysate across at least tWo ?lter membranes With a molecu 
lar Weight cut-off of not more than 40,000 Daltons. To 
accomplish this, a portion of the fresh dialysate solution may 
be split off the dialysate ?uid stream at some point prior to 
entering dialysate compartment 48 of the second dialyZer 
cartridge 22. The split-off portion of the dialysate solution 
may ?oW through a conduit 2 leading to a substitution pump 
8. FloW rate and pre-pump pressure in conduit 2 may be 
monitored by a ?oW meter 10 and a pressure transducer 9. 
Substitution ?uid pump 8 generates the needed pressure to 
force the ?uid doWn a conduit 12, across ?rst and second 
sterile ?lter cartridges, 11 and 13, respectively, and into 
blood stream 18. En route to sterile ?lters 11 and 13, 
post-pump pressure and temperature may be monitored by a 
pressure transducer 132 and a temperature sensor 133. 

First sterile ?lter cartridge 11 contains a semi-permeable 
membrane 14 that separates the ?lter cartridge into an 
upstream compartment 49 and a doWnstream compartment 
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5. Upstream compartment 49 has an inlet port 56 and an 
outlet port 54, the latter being connected to a conduit 19. Air 
may be vented from upstream compartment 49, via outlet 
port 54 and conduit 19 upon opening of a valves 130 and a 
valve 29. Closing of valve 130 forces the dialysate ?uid to 
?lter (or permeate) across semipermeable membrane 14 and 
into doWnstream compartment 5. 

The ?ltrate from doWnstream compartment 5 then ?oWs 
into second sterile ?lter cartridge 13 containing a semi 
permeable membrane 15 Which separates the ?lter cartridge 
into an upstream compartment 50 and a doWnstream com 
partment 51. Upstream compartment 50 has an outlet port 55 
for venting air from both compartment 5 of cartridge 11 and 
compartment 50 of cartridge 13. Outlet port 55 is connected 
to a conduit 20 Which is connected to the venting line 
betWeen valves 130 and 29. Closing of both valves 29 and 
130 forces the dialysate to ?lter across semi-permeable 
membrane 15 and into doWnstream compartment 51. The 
?ltered dialysate ?oWs out of compartment 51 and through 
a check valve 134, Which minimiZes blood back-?ow into 
sterile ?lter cartridge 13. 

The sterile dialysate (or substitution ?uid) 16 exiting 
sterile ?lter cartridge 13 is miXed With blood eXiting car 
tridge 23 to form the blood/substitution ?uid mixture 17 
described above. In some embodiments of the present inven 
tion (not shoWn in the draWings), a portion of substitution 
?uid may be added to the blood stream eXiting second 
dialyZer cartridge 22, provided that the blood does not 
become overly viscous in the second dialyZer cartridge due 
to hemoconcentration. 

During priming or ?ushing of sterile ?lter cartridges 11 
and 13, valves 130 and 29 are opened to alloW ?oW 
therethrough. The How doWnstream of valve 29 is directed, 
via a suitable ?uid conduit, to a junction near a dialysate 
outlet port 52 of dialyZer cartridge 23. An air detector 124 
may be placed doWnstream of valve 29, providing an input 
to control unit 40 to ensure hat that air is purged from sterile 
?lter cartridges 11 and 13 during priming. 

The dialysate not used as substitution ?uid enters the 
second dialyZer cartridge 22 through inlet port 1 of dialysate 
compartment 48, and ?oWs counter-parallel to the blood 
?oW as it traverses through compartment 48. During 
dia?ltration, plasma Water ?lters across semi-permeable 
membrane 25 and miXes With the dialysate ?uid. The 
dialysate ?uid together With the ?ltered plasma Water eXits 
the dialyZer cartridge, at outlet port 3, through a tubing 
conduit 174 Which directs the ?uid to a ?rst path, including 
a bypass valve 131, and a second path including a pump 120. 
DoWnstream of valve 131 and pump 120, the tWo paths are 
rejoined and the combined ?uid How is connected to an inlet 
port 4 of dialysate compartment 46 of ?rst dialyZer cartridge 
23. Pressure transducers 123 and 122 monitor pre-pumping 
and post-pumping pressures, respectively, across pump 120, 
and inputs responsive to these pressures are provided to 
control unit 40. A How sWitch 34 may be placed on the line 
leading to dialysate inlet port 4, to ensure that a minimum 
dialysate How is maintained to carry out the dia?ltration 
operation. 

During normal operation of the system, valve 131 is 
closed Whereby all How is diverted to pump 120. In this 
mode, the speed of the pump can be used to control the 
amount of ultra?ltration that occurs across the second dia 
lyZer cartridge membrane 25. For eXample, if the rate of 
?uid ?oW pumped by pump 120 matches the inlet dialysate 
?oW rate into compartment 48, then the net ultra?ltration of 
?uid across the membrane is Zero. Increasing the speed of 
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the pump to pump above the inlet dialysate ?oW rate results 
in an ultra?ltration rate equal to the difference betWeen these 
tWo ?oW rates. Dialysate ?uid entering ?rst dialyZer car 
tridge 23 through inlet port 4 runs counter-parallel to the 
blood ?oW as it traverses through the dialysate compartment 
46. Plasma Water ?lters across semi-permeable membrane 
24 of cartridge 23 into compartment 46, Where the plasma 
Water is combined With the dialysate ?uid, and the combined 
?uid eXits at dialysate outlet port 52. 
The used dialysate ?uid may be returned to the dialysis 

machine as folloWs. In the embodiment of FIG. 1, the 
dialysis machine dialysate outlet line connector 38 is con 
nected to dialysate outlet port 52. A conduit 42 carries the 
spent dialysate from the dialysate outlet connector back to 
dialysis machine 43. 

In the embodiment of FIG. 2, used dialysate ?oWs through 
conduit 156 leading to a dialysate outlet pump 157, having 
a bypass loop thereacross, similar to the bypass loop 
described above With reference to dialysate pump 153. The 
bypass loop of pump 157 includes a valve 158. When valve 
158 is opened, dialysate ?uid bypasses pump 157. A pres 
sure transducer 159 may be provided doWnstream of pump 
157 to monitor the dialysate pressure of the ?uid returning 
to the dialysis machine. When valve 158 is closed, the speed 
of the pump can be used to control the dialysate ?uid return 
pressure. The return of ?uid to the dialysis machine may be 
enabled only When connector 161 is properly connected to 
the dialysis machine connector 38. This can be accom 
plished by a sWitch S2, Which is activated upon proper 
connection of connectors 161 and 38, to open a return valve 
160. 

Control unit 40 includes a processor Which controls the 
dia?ltration device. Control unit receives input from various 
components of the hemodia?ltration device, e.g., pressure 
transducers, ?oW meters, ?oW sWitches, etc., as described 
above. Using suitable control hardWare and/or softWare, 
control unit 40 controls various system functions, such as 
setting values for pump speeds, opening/closing valves. 
System parameters may be displayed on a display 140 
associated With control unit 40. 
What is claimed is: 
1. In a blood dialysis system including a source of 

substitution ?uid and a blood dialysis machine, a hemodia 
?ltration device comprising: 

a ?rst dialyZer including: 
a ?rst membrane; 
said ?rst membrane de?ning a ?rst blood compartment 

having a ?rst blood inlet Which receives blood and a 
?rst blood outlet Which discharges partially dia?l 
tered blood; and 

said ?rst membrane de?ning a ?rst dialysate compart 
ment having a ?rst dialysate inlet and a ?rst dialysate 
outlet; 

means for miXing said partially dia?ltered blood With a 
substitution ?uid to obtain a blood/substitution ?uid 

miXture; 
a second dialyZer including: 

a second membrane; 
said second membrane de?ning a second blood com 

partment having a second blood inlet Which receives 
said blood/substitution ?uid miXture and a second 
blood outlet Which discharges dia?ltered blood; and 

said second membrane de?ning a second dialysate 
compartment having a second dialysate inlet and a 
second dialysate outlet; 

at least one sterility ?lter Which receives dialysate from 
said dialysis machine and provides steriliZed dialysate 
?uid to said means for miXing; and 



US 6,303,036 B1 

a control unit Which controls the How of blood through 
said ?rst and second dialyZers and the circulation of 
dialysate ?uid between the dialysis machine, said ?rst 
and second dialysate compartments and said at least 
one sterility ?lter. 

2. A hemodia?ltration device according to claim 1, 
Wherein said ?rst and second dialyZers comprise ?rst and 
second dialyZer cartridges, respectively, Wherein the ?rst 
membrane in the ?rst dialyZer cartridge is a semi-permeable 
membrane betWeen said ?rst blood compartment and said 
?rst dialysate compartment, and Wherein the second mem 
brane in the second dialyZer cartridge is a semi-permeable 
membrane betWeen said second blood compartment and said 
second dialysate compartment. 

3. A hemodia?ltration device according to claim 1, 
Wherein dialysate ?uid is delivered through a ?rst conduit 
from said dialysis machine to said second dialysate inlet of 
said second dialyZer Where it ?oWs through said second 
dialysate compartment and exits through a second conduit 
Which connects said second dialysate outlet to said ?rst 
dialysate inlet, the dialysate ?uid ?oWing through said ?rst 
dialysate compartment to said ?rst dialysate outlet. 

4. A hemodia?ltration device according to claim 1, 
Wherein a ?rst stream of dialysate ?uid ?oWs from said 
dialysis machine through a ?rst conduit to said second 
dialysate inlet, a portion of said ?rst stream being diverted 
through a second conduit to said at least one sterility ?lter. 

5. A hemodia?ltration device according to claim 1, 
Wherein said at least sterility ?lter comprises a ?rst sterility 
?lter and a second sterility ?lter, said ?rst sterility ?lter 
containing a third semi-permeable membrane partitioning 
said ?rst sterility ?lter into a ?rst upstream compartment and 
a ?rst doWnstream compartment, said second sterility ?lter 
containing a fourth semi-permeable membrane partitioning 
said second sterility ?lter into a second upstream compart 
ment and a second doWnstream compartment. 

6. A hemodia?ltration device according to claim 5, 
Wherein said dialysate ?uid ?oWs through a ?rst conduit to 
said ?rst upstream compartment from said dialysis machine, 
said dialysate ?uid being ?ltered across said third semi 
permeable membrane before ?oWing into said second 
upstream compartment through a second conduit connecting 
said ?rst and second sterility ?lters, said dialysate ?uid being 
?ltered across said fourth semi-permeable membrane, said 
second doWnstream compartment being ?uidly connected 
With said means for mixing by a third conduit so that said 
steriliZed dialysate ?uid is introduced thereto. 

7. A method of hemodia?ltration comprising the steps of: 
supplying a blood in?oW; 
dia?ltering said blood in?oW to provide a partially dia 

?ltered blood out?oW; 
mixing said partially dia?ltered blood out?oW With a 

substitution ?uid to provide a blood/substitution ?uid 
mixture; and 

dia?ltering said blood/substitution ?uid mixture. 
8. A method according to claim 7 Wherein the step of 

dia?ltering said blood in?oW comprises the step of diffusing 
a portion of said blood in?oW by a ?rst countercurrent of a 
dialysate solution in diffusion communication With said 
blood in?oW, and Wherein the step of dia?ltering said 
blood/substitution ?uid mixture comprises the step of dif 
fusing a portion of said blood/substitution ?uid mixture by 
a second countercurrent of the dialysate solution in diffusion 
communication With said blood/substitution ?uid mixture. 

9. A method according to claim 8 and further comprising 
the step of steriliZing said dialysate solution. 

10. A method according to claim 8, Wherein said substi 
tution ?uid is formed by diverting a portion of said dialysate 
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solution to at least one steriliZing ?lter Which steriliZes said 
dialysate solution to form said substitution ?uid. 

11. Amethod according to claim 8, further comprising the 
step of controlling the How of blood in said dia?ltration steps 
and circulation of said dialysate ?uid using a controller. 

12. A method according to claim 7, Wherein said blood is 
dia?ltered in a ?rst dialyZer and said blood/substitution ?uid 
mixture is dia?ltered in a second dialyZer, said substitution 
?uid being added and mixed betWeen said dia?ltration steps. 

13. A method according to claim 12, further comprising 
the steps of disposing an interstage pump betWeen said ?rst 
and second dialyZers and adjustably setting a How rate of the 
dialysate ?uid from said second dialyZer to said ?rst dialyZer 
at a predetermined rate by manipulating said interstage 
pump, said dialysate ?uid ?oWing through a conduit from 
said second dialyZer to said ?rst dialyZer. 

14. A hemodia?ltration device comprising: 
a source of substitution ?uid; 

a ?rst dialyZer including: 
a ?rst membrane; 
said ?rst membrane de?ning a ?rst blood compartment 

having a ?rst inlet Which receives blood and a ?rst 
outlet Which discharges partially dia?ltered blood; 

said ?rst membrane de?ning a ?rst dialysate compart 
ment having a ?rst dialysate inlet for receiving 
dialysate ?uid and a ?rst dialysate outlet; 

means for mixing said partially dia?ltered blood With 
said substitution ?uid to form a blood/substitution 
?uid mixture; and 

a second dialyZer including: 
a second membrane; 
said second membrane de?ning a second blood com 

partment having a second inlet Which receives said 
blood/substitution ?uid mixture and a second outlet 
Which discharges dia?ltered blood; and 

said second membrane de?ning a second dialysate 
compartment having a second dialysate inlet for 
receiving dialysate ?uid and a second dialysate out 
let. 

15. A hemodia?ltration device according to claim 14, 
Wherein said substitution ?uid comprises a portion of said 
dialysate ?uid Which ?oWs through a ?rst conduit from a 
source of dialysate ?uid to at least one sterility ?lter Where 
said portion of said dialysate ?uid is steriliZed by passing 
through said at least one sterility ?lter to form said substi 
tution ?uid. 

16. A hemodia?ltration device according to claim 15, 
Wherein said ?rst conduit is connected to a dialysis machine 
Which provides dialysate ?uid to said at least one sterility 
?lter through said ?rst conduit, said dialysis machine being 
connected to said second dialysate inlet by a second conduit 
so that a portion of said dialysate ?uid is provided to said 
second dialysate compartment from said dialysis machine. 

17. A hemodia?ltration device according to claim 14, 
further including: 

a control unit operatively connected to said ?rst and 
second dialyZers for controlling the How of blood 
through said ?rst and second dialyZers and the circu 
lation of dialysate ?uid through said ?rst and second 
dialyZers. 

18. A hemodia?ltration device according to claim 14, 
further including: 

a dialysis machine for producing dialysate ?uid, said 
dialysis machine being in ?uid communication With 
said second dialysate compartment by a ?rst conduit, a 
second conduit extending betWeen said second dialy 
sate outlet and said ?rst dialysate inlet permitting said 
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dialysate ?uid to How from the second dialysate com 
partment to the ?rst dialysate compartment of said ?rst 
and second dialyZers. 

19. A hemodia?ltration device according to claim 14, 
further including: 

an interstage pump disposed betWeen said ?rst and second 
dialyZers and in ?uid communication With said ?rst and 
second dialysate compartments, said interstage pump 
being controllable so that a How rate of the dialysate 
?uid from said second dialyZer to said ?rst dialyZer is 
adjustably set at a predetermined rate. 

20. A hemodia?ltration device comprising: 
a source of substitution ?uid; 

a ?rst dialyZer including: 
a ?rst membrane de?ning a ?rst blood compartment 

and a ?rst dialysate compartment; 
said ?rst blood compartment having a ?rst inlet Which 

receives blood and a ?rst outlet Which discharges 
blood having a ?rst concentration of toxins; 
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said ?rst dialysate compartment having a ?rst dialysate 

inlet for receiving dialysate ?uid and a ?rst dialysate 
outlet; 

means for mixing said blood having said ?rst concen 
tration of toxins With said substitution ?uid to form 
a blood/substitution ?uid mixture; and 

a second dialyZer including: 
a second membrane de?ning a second blood compart 
ment and a second dialysate compartment; 

said second blood compartment having a second inlet 
Which receives said blood/substitution ?uid mixture 
and a second outlet Which discharges blood having a 
second concentration of toxins, the ?rst concentra 
tion of toxins being greater than the second concen 
tration of toxins; and 

said second dialysate compartment having a second 
dialysate inlet for receiving dialysate ?uid and a 
second dialysate outlet. 

* * * * * 


